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AMERICAN NATURALIST. 

Vol. VII. — MAY, 1873. -No. 5. 
THE WINTER STATE OF OUR DUCKWEEDS. 

BY PEOF. T. D. BtSCOE. 

In the autumn of 1871, 1 brought home a bottle full of duck- 
weed (Lemna polyrrhiza) and emptied it into a tumbler of water 
with a mass of algae gathered at the same time. 

Within a few days the Lemnse all turned white and died, and 
the fronds seemed to decay. I kept the algse in the tumbler all 
winter, adding fresh water as fast as it was diminished by evapora- 
tion: I saw no more of the duckweed till the last of the winter, 
when one day, to my great surprise* there appeared floating on the 
water a group of fronds that were certainly Lemnse, and a few days 
after I noticed another frond. What had they grown rom? I 
turned out the water into a b,asin and found about fifty little disks 
which seemed to answer the description of autumnal or winter 
fronds as described in my " Gray." 

My curiosity was excited. How could such things grow into 
Lemnse ? Where was the growing point ? Where were the roots 
to start from ? What was the internal structure of these regular 
little disks ? Should 1 find anything corresponding to buds about 
them? 

Some of these queries I have answered and others are still un- 
solved, i 

I propose to give a short account of my failures* and successes, 
and of the methods of investigation by which I tried to reach the 
knowledge sought ; and hope that my trials may be of service to 

"Entered, according to Act of Congress, in the year 1873, by the Peabody Academy of 
Science, in the Office of the Librarian of Congress at Washington. 
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some who often desire to make additions to the store of botanical 
morphology but who hardly know how to proceed. 

It is best to select some definite question concerning the case 
that one wants to study, and then with knife, needles, chemicals 
and microscope, compel it to yield an answer. It will give definite- 
ness and precision to one's work. I started with this one : 
" Where is the growing-point of this winter frond? " 

By Figs. 1 and 2, it will be seen that the object is .almost 
exactly of the shape of a shallow plano-convex lens, the flat side 
being the upper side ; as I found some weeks after, when they rose 
and floated on the surface of the water. 

The outline is often slightly kidney-shaped, and at the sinus 
there is a scar on the edge, Fig. 2s. Sections show that the edge 
is here more obtuse than elsewhere. 

Around that point, on the flat surface, there was traced a small 
semicircle. That was all that could be descried on the exterior. 
The disk was not at all transparent, so that all knowledge of its 
interior must be obtained by dissection. 

Laying the frond on the end of the forefinger, and holding it in 
place by a gentle pressure of the thumb, I made three or four slices 
engthwise (that is in the direction of the lines a-a, b-b, etc., of 
Fig. 2) . From the tip three-quarters of the way to the base (as I 
shall call the scar end) all these sections were composed of simple 
parenchymous tissue (where cells are of nearly equal dimensions 
in all directions), whose cells were packed with starch grains. But 
the quarter next to the base presented very different views in the sev- 
eral sections, and appeared quite complex (Fig. 53). Two regions, 
Fig. 4 a and 6, attracted attention because, of the fineness of the 

tissue composing them. The cells 
in these parts were not more than 
an eighth the diameter of the reg- 
ular cells of the frond ; neither were 
they filled with starch grains," but 
were well supplied with protoplasm, 
with considerable chlorophyl. 
Here evidently was the place to search for my " growing-point." 
In that one of these regions furthest from the base, Fig. 4 a, and 
on the convex or under side of the frond, are one, two, or more oval 
bodies whose axes of growth were nearly at right angles to the 
length of the frond. I took them for young buds. In each section 
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one was larger than the rest. I took it for the main bud, and sup- 
posed that its extremity was the growing point of the plant. To 
get a better view of its tip, that I might make out the plan of cell- 
division at the point where the cells were first formed, I made 
some new sections in the same direction, much thinner than the 
first. On examining these I recognized the cell arrangement pe- 
culiar to the extremity of roots ; there plainly enough was the root- 
cap, Fig. 4 d, and the " summit" cells or region, Fig. 4 c, where by 
cell-division the new growth is produced. These were surely the 
rudiments of young roots. I must look elsewhere for the plumule 
with its growing point. But one thing had been learned ; my little 
disk contained roots, and I knew where they were. 

The other spot where the cells were small and tinged with green 
seemed without any regular shape. One section showed one thing, 
another quite a different thing ; while in another there would be 
nothing but a hole where the fine cells ought to be. 

See the differences in the five sections of Fig. 53. These sec- 
tions were made through the lines marked a-a, b-b, etc., of Fig. 2. 

As the next step I made some sections at right angles to the 
former in the directions a^a, b-b, etc.", of Fig. 2 (see Fig. 5), and 
got one new idea at least. Instead of there being one body in the 
place occupied by " b," Fig. 4, there were two, one on either side 
of the median line of the frond, and the two were very unequal in 
size, though somewhat similar in form. But, although diligently 
comparing the views presented by the two sets of sections, I could 
not form any satisfactory idea of these portions. The two sections 
D and E, of Fig. 5, ( showed quite clearly the number and position 
of the young roots. The darker spot which appeared in the last 
three sections, marked " s" in " D," Fig. 5, was anew mystery. I 
must have sections in the third plane also, that is, the plane pass- 
ing parallel with the surface of the frond. 

And just here let me say a word about making sections of deli- 
cate vegetable tissue. I have found it much better in all cases, 
except where the position and structure of the protoplasm are in 
question, to soak the specimens in glycerine, first in diluted and 
finally in strong. One advantage is this ; when making sections 
of soft tissues in water, there is great danger that a thin section 
on the blade of the razor will dry up and be spoiled, while attend- 
ing to the piece on one's finger, which ought to be taken off immedi- 
ately and laid in water. Or if one first cares for the section on the 
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razor, then the piece from which it is cut may be spoiled. But 
when the object is in glycerine, plenty of time can be taken to care 
for both without any injury coming to either. I have found a good 
razor the very best thing to cut with, much better than any lancet 
or small dissecting knife. 

Let the thumb-nail of the left hand be cut short enough that the 
blade of the razor may rest against the flesh of the end of the 
thumb, while the object to be cut rests on the forefinger and is held 
in place by the thumb. You can then draw the razor very evenly, 
it being steadied by the thumb. The thickness of the slice can be 
regulated by pressing the razor less or more against the yielding 
flesh of the thumb. Especially is this the case when several sec- 
tions are made one after the other by as many drawings of the 
razor, each time pressing it a little more against the thumb-end. 
In this style of cutting, the hand should be so held that the surface 
of the forefinger, on which the object is laid, should be horizontal ; 
but when a thin object is to be split parallel with its surface, I 
have found it best to turn the hand, after the object has been placed, 
as before, between the forefinger and thumb, so that the surface of 
the finger on which the object is lying should be vertical : you see 
then the edge of the object to be split. The edge of the razor must, 
of course, be also a vertical line. It is essentia], in this case, that 
the object be placed far enough back from the ends of the finger and 
thumb that the razor blade may come between them and be guided 
and steadied by its contact with them. 

Having brought the edge of the razor in contact with the object 
to be split, draw the razor downward, bringing at the same time the 
heel outward (towards the right) and the point inward, making 
the part resting between the thumb and finger the centre of this 
slight rotation. 

During this operation I have found it best so to hold the hands 
and head that the eye sights right down the edge of the vertically 
held razor, for then the razor edge can be placed very truly against 
the exact portion of the object to be split that you desire. 

Resuming now our investigation of the duckweed ; — I sliced the 
frond into three or four sections parallel with its surface, and, 
placing them under the microscope, order seemed to be emerging 
out of chaos. To the right and left of the middle line of the frond 
were two cavities, one of them almost filled with one of the small 
celled bodies, Fig. 6 rb, while the other was not more than one- 
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third filled, Fig. 6 lb. The middle line, Fig. 6 st, was distinguished 
from the rest of the frond by the shape of the cells composing it, 
and also by the fact that they were empty. At one end was the 
scar, Fig. 6 sc, and at the other a snarl of cells out of which radi- 
ated five or six veins or ribs, Fig. 6 v, consisting of woody fibre 
with spiral cells ; besides, there was a single line of spiral cells 
turning back into each of the two small-celled bodies. This centre 
of radiation was what I had seen in the sections of Fig. 5, marked 
" s." This middle portion is the stem of the frond, and the scar 
marks the place where it separated from its parent frond. 

I began then to understand the other appearances ; these were 
the young buds by which Lemna propagates itself independently 
of seeds. Each one of these would grow into a complete individual, 
and in it I must look for the " growing-point." 

The cavity in which the larger bud grew seemed of a rectangular 
form, with rounded corners from the lower of which the bud stalk 
started : the bud itself partook somewhat of the same rectangular 
shape, instead of being circular, as most of the fronds were. 

The young bud on the right, though as yet without any ribs of 
woody fibre, showed plainly where they were to be, for in the lines 
that they were to occupy the cells were compact, with no inter- 
cellular spaces, while in the rest of the bud between these rudimen- 
tary ribs the cells had parted at the corners and produced air 
spaces, small indeed, but yet sufficient to give a marked character 
to that portion of the tissue. The part next to the stem of the bud 
was, like the ribs, without intercellular spaces. 

The axes of the frond and buds are at an angle with each other 
of about 45°, or more correct]}' 135°, since the normal position of 
a branch is in nearly the same direction as the stem, and its diver- 
gence should be measured round from that direction as its starting 
point. "With our plant the line of growth seems to be backward. 
If the same law holds in regard to the buds of the next generation 
then they must be sought near the stem and with their axes in- 
clined at the same angle. (See the diagram, Fig. 9, where the ver- 
tical line represents the axis of the frond, and the different oblique 
lines the axes of the buds.) 

A little examination showed that it was so, and that on each side 
of the axis of the bud, and near the base, was a little protuberance 
which was evidently a bud of the next generation. But, though 
they were there, it was by no means so clear what their form might 
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be, or how far they had advanced in laying the rudiments of the 
organs possessed by the mature frond. Here began the difficulties 
of the investigation. My desire was to trace back the frond to the 
stage in which it was represented by a single cell, or at least by a 
small group of homogeneous cells, on which there was no sign of 
any organ ; and then to be able to see both where and in what shape 
each new part was produced by changes in the growing point and 
the tissue adjacent thereto. 

Of the two budlets, the one on the left, next to the main stem, 
was the most developed, and I studied it, rather than the other. 
Figs. 6 and 14 present the views obtained when the razor just 
grazes the upper surface of the buds. Near the upper edge of the 
bud was a most delicate line, Fig. 6 m, which could hardly be traced 
with a I inch objective. A ^ objective and T \ objective showed 
that it was the edge of a membrane consisting only of one layer of 
cells in thickness. The cells, Fig. 55, were irregularly shaped and 
had crinkled walls. I could follow the line most to the edges of 
the bud, but not quite. The budlet, Fig. 14, was, like the bud, of a 
rectangular outline nearly, and grew out from the corner of its 
cavity. I could make out the following particulars ; " a " a fine 
curved line which it took close observation to see at all ; " d" a 
double line at the back of the budlet ; " c " and " e " two swellings 
of the outline of the budlet " b ; " "/" an edge of tissue two cells 
thick coming to a point where it reached the frond at " i; " " h " 
the least developed budlet ; and "g" a small protuberance of cells, 
which I have not thoroughly studied and shall therefore be obliged 
to omit in my descriptions. What it may grow into, if it grow at 
all, I cannot say. 

Horizontal sections had helped greatly, but vertical sections 
seemed now to offer the only hope of increasing my knowledge of 
the bud and budlet. After making many, I was no better off, be- 
cause it was impossible to tell exactly in what direction, as regards 
the axis of the bud, the sections went. I then split a frond through 
so as to reveal the upper surface of the bud without touching it 
with the razor or loosening it from its attachment. 

Then with the camera I sketched its outline as seen with a |- 
and was then ready for the delicate work of slicing it up. (Fig. 7 
gives such an outline.) Taking the frond on the forefinger I cut 
one section as nearly as possible in the direction which I had 
decided would give a longitudinal section of the bud, as Fig. 7 e-e. 
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As soon as the cut was made the piece taken off was . laid on a 
slide in a drop of glycerine, and the slide numbered " No 1." Next 
the frond, from which the cut had been made, was put under the 
microscope and the direction and position of the cut observed and 
its place recorded on the camera drawing, and numbered " 1." The 
frond was then laid on the finger and the second cut made, as thin 
as possible, and as near parallel to the first as might be. I could 
not succeed in getting the series of cuts as nearly parallel to one 
another in this way, as by cutting all the sections at once without 
removing the razor from its rest against the end of my thumb. 
But generally the deviations from parallelism were not so great as 
to interfere seriously with the usefulness of the sections, considered 
as a set. 

After each cut, the section was placed on its separate slide and 
numbered and the remainder of the frond placed under the micro- 
scope and the position of the cut marked. In this way I sometimes 
got a series of fifteen or twenty sections, extending from one edge 
of the bud to the other. Of these from three to five would pass 
through the budlet. 

Next was the study of these sections one after the other in order, 
comparing them with each other, and with the surface view of an 
uncut bud, attempting to construct mentally the complete form of 
which the microscope gave me successive sectional views. I had 
had before just as good sections, in some cases better ones, but 
then could not tell from what part they came and so had been un- 
able to form a connected satisfactory idea, or model, of the whole. 
One such set shed light in a given direction, but others were 
needed. Some eight sets of vertical sections in A^arious directions 
gave all that could be expected of them, and yet the matter was 
not quite clear. I wanted the budlet sliced in a direction parallel 
with its surface. The plane of the bud is not quite parallel with 
that of the frond, so that I could not get just the right sections by 
the method of splitting the frond between the thumb and fore- 
finger. I could imbed a frond in a mixture of gum and glycerine ; 
but that took so long to harden that, if several fronds were prepared 
for cutting, I was very apt to forget just where the cut should be 
made in each, and so run the risk of spoiling the specimen. Some- 
thing was wanted that would set and harden in a few minutes. I 
thought of collodion, and on trial it proved to be just what was 
wanted. When the specimens are saturated with glycerine, and 
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placed on the end of a little stick of pith, I drop a single drop of 
collodion over them, which hardens in about two minutes, and 
without sticking to the specimen makes a complete socket for it. 
From fronds mounted in this way I succeeded in getting sections 
so thin that it took three of them to make up the thickness of the 
budlet. 

In order to test the correctness of the opinions formed from the 
comparison of these different sectional views, I wanted next to dis- 
sect out a budlet free from the bud, and in an uninjured state, and 
turn it over and over while in the field of view of the microscope. 
I have accustomed myself to the use of dissecting needles under 
the compound microscope without the help of an erector, and so 
was able to have the advantage which the binocular gives for such 
work. 

I should advise, from my experience, that any one using a binoc- 
ular, who has much occasion for dissecting, should learn to handle 
the needles under the microscope without an erector. It is not dif- 
ficult to train one hand, though when it comes to using both I 
acknowledge that one will need a good stock of patience. 

The powers used for this work were 80 and 115 diameters. The 
needles found most useful were those which had been ground with 
an exceedingly slender taper and the shortest possible piece of the 
tip bent at an angle of about 45°. 

The budlet when obtained free measured about TW 3 OT of ah inch 
in length and half that in breadth and thickness. To observe it to 
advantage one must use powers of \ and upwards. 

Having placed it in a drop of glycerine, cover with a rather large 
cover, and let there be enough of the fluid to prevent the cover's 
pressing it on the slide ; then with a needle gently push the cover 
in one direction or another till you have your object rolling over 
and over fast or slow just as desired. 

Now let us gather up the facts we have obtained by the methods 
described. . Figs. 10, 11, 12, and 13, give specimen sections taken 
in as many different directions through the bud as shown on the 
plan, Fig. 7. 

The clotted lines in the bud of Fig. 7, show what would be seen 
when the lower surface of the bud is focussed instead of the upper. 
I drew them in the same figure in order that their relation to the 
upper surface might be plainer than if I had given them a separate 
drawing. In Fig. 10, we have a section passing parallel with the 
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stem of the bud, but a little to the left. It crosses both the lines 
in the upper part of the frond, it goes through one of the dotted 
oval bodies, and also through the budlet to the left of its stem. 
The section shows that those lines on the upper part of the bud, 
Fig. 7 um, and Im, one above and one below, are the edges of two 
membranes that nearly enclose the bud between them, the one on 
the upper surface only one layer of cells, the lower several layers 
thick. 

The oval body of Fig- 7 is here seen in the angle between the 
lower membrane and the body of the bud. It shows itself to be 
the beginning of a root. The swelling " d," Fig. 10, is the section 
of that projection of the body of the bud over the budlet whose 
edge shows in Fig. 14 as the double line " cl." As this projection 
grows more and more, it shuts Over the budlet, reaching down as far 
as the point "/," Fig. 10, and becomes in the frond the lip or cover 
"ft," Figs. 4 and 8. The line "a," Fig. 14, is shown "a," Fig. 
10, to be the edge of a ridge starting out from the budlet which as 
it grows will become the membrane "um" of the bud. The sec- 
tion shows us the thickness of the budlet " b," and explains that 
the double row of cells "/," Fig. 14, just below the budlet is the 
optical section of the upper membrane where it bends round to its 
attachment on the under side of the bud. One cannot help recog- 
nizing in the " um " of the bud, Fig. 10, the " um" of the frond, 
Fig. 4, which shows itself as the semicircle of Fig. 2. 

Turning next to Fig. 11, which also passes through the budlet, 
but nearer to its stem, and at an angle with the stem of the bud, 
we find two or three new features. First ; we pass through the 
right hand one of the three oval bodies of Fig. 7, and find it im- 
bedded in the base of the lower membrane, instead of occupying 
the angle ; second, the budlet has a thick horn " n" on its under 
side, and none on its upper. The outline of this membrane is, I 
think, that indicated by the dotted line, Fig. 14, " n," on the budlet, 
but I have not been able to satisfy myself just where that outline 
does run. Again, in this section, we see the budlet united with 
the bud, whereas before, the section, Fig. 10, passed out to the left 
of the stem and showed that, by lying entirely separate from the 
bud. Fig. 12, which shows a section nearly parallel with the axis 
of the budlet, gives a view of both horns "a" and " n" at once, 
and showing one root, allows the others r' and r" to shimmer 
through the tissue, though out of the focus. 
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Fig. 13 shows the three roots at once, though with the middle 
one out of focus. The left hand part of this section is a puzzle 
to me that I am not sure I have rightly solved. Till I came to it 
I did not suppose there was any membrane on the lower side like 
" z." In every other section, out of forty, perhaps, that ran through 
that neighborhood, there was no projection of the lower membrane 
toward the left, but the tissue passed continuously from the roots 
round into the base of the upper membrane, as in Figs. 10, 11, 12. 
I think there may be a narrow lappet or lobe of the lower mem- 
brane at just this part, while below the tissue may be as in the 
other sections. I do not think that the part marked " x " is part 
of the budlet, but of the bud. 

Now to take one step more : has the budlet the beginning of a 
budlet of the next generation? Yes, at the point " e," Fig. 14, 
there is a slight protuberance just about where the upper mem- 
brane " a," Fig. 14, comes to the edge of the budlet. And this is 
what will grow into first the budlet, then the bud, and finally the 
frond. 

When the budlet was dissected out and examined with a -^ 
(Hartnack's No. 10), the protuberance showed nothing but a group 
of half a dozen to a dozen cells all alike with no sign of any organ 
of any sort. This then was the growing point which I set out to 
find. Now how are the different parts of the frond produced from 
it ? As the first stage we have the budlet : it differs from the 
growing point only in this that a ridge or lappet has been formed 
on the upper and under surface, which in the sections shows as 
two horns as " a " and " n," Fig. 12. These two ridges are really 
one continuous ridge as I could see when rolling a free budlet over 
and over. It can be traced from " e," Fig. 14, in a slanting curved 
line to the back of the budlet near its tip, then clown the thickness 
of the budlet till it joins the ridge of the under side. As our next 
step, we see in the bud our ridge grown into those two membranes 
(as we have called them) which a cai - eful examination shows to be 
still continuous at the back edge of the bud about as far out as 
the point "p," Fig. 7. Also three roots, Figs. 7, 10, 11, 12, have 
made their appearance near and in the base of the lower part 'of 
the membrane. Also the tissue of the bud is preparing for the 
five or six veins that the frond is to possess, and the stem pos- 
sesses a single fibre of spiral cells. Now, lastly, what more do we 
find in the frond? The edge " d," of Figs. 14 and 10, has grown 
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out over the budlet ; and, as the section, Fig. 4, shows, forms the 
cover " k " of the cavity in which the bud " b," Fig. 4, lies. The 
body of the bud, .having grown much faster than the membrane, 
has left the latter as the semicircle seen at the base in Fig. 2. The 
same thing is true of the lower membrane which now only forms a 
border to the enlarged roots. 

The books speak of Lemna as a plant entirely destitute of 
leaves, but it seems to me that an exception must be made in the 
case before us, for this membrane on the upper and under sides 



Fig. 54. 



Fig. 65. 



Fig. 56. 





seems to answer in its position and formation to the sheathing 
leaves of the monocotyledons. 

I noticed the peculiar form of the cells of the semicircular lobe 
of the leaf (?) on the upper side of the frond, and made a draw- 
ing of them, Fig. 54, and also a drawing of the same organ in the 
bud state, Fig. 55. It was this peculiar form of cell in the two 
cases which first led me to think that they were the same thing in 
different stages of growth. In Fig. 56 I have presented a surface 
view of the epidermis of the frond, together with the underlying 
cells of the frond. Two of the latter cells are nearly filled with a 
large crystal in each. What is the cause of the brown color of 
some of the cells of the upper lobe of the leaf as shown in Fig. 
54, while others are clear, I cannot tell. 



EXPLANATION OF PLATE. 
Fig. 1. Winter frond, natural size; surface and profile views. 
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Fig. 2. Same, enlarged about 10 times. The lines, a-a, b-b, indicate the direction of the 
sections of Pig. 53, and those marked A-A, B-B, those of Fig. 5; " s" is the scar 
where the frond was attached to its parent; " um " the outline of the upper 
memhrane (drawn with 2 inch objective, 2 inch ocular, distance from camera 
to paper, 5 inches). 

Fig. 53. In text, longitudinal vertical sections, as marked in Fig. 2 (objective 2 in., ocu- 
lar 2 in., distance 5 in.). 

Eig. 4. Section in the direction e-e,of Fig. 2: "a" youngroot; "c" its "summit region;" 
"d" its root-cap ; "b" young bud ; "h " lip or cover to the same ; " um " upper 
membrane ; "Im" lower membrane (objective | in., ocular 2 in ., distance 10 in.). 

Eig. 5. Sections in the directions A-A, B-B, etc., of Fig. 2 : " s " of C, D, and E, end of 
stem ; "rt" roots ; " Im " and " um " same as Eig. 4 (objective | in., ocular 2 
in., distance 5). 

Eig. 6. Horizontal section in the direction of the arrows a-a of Fig. 8 : " rb " the right 
hand bud or most developed; "lb" left hand bud; "st" the stem or axis; 
"so" scar; "«"the veins or ribs of the frond; the arrows "a-a" show direc- 
tion of the section of Fig. 8 (objective j, ocular 2, distance 5). 

Fig. 7. Outline plan of buds, with lines showing where different sections were made 
(objective }, ocular 2, distance 10). 

Eig. 8. Section through a-a, of Eig. 6. "6" bud: "c" roots. "K" same as le, Eig. 4 
(objective |, ocular 2, distance 5). 

Eig. 9. Diagram of the directions of the axes of growth of the different generations. 

Fig. 10. Vertical section of the bud in the position and direction marked by " e-e, 5, 
Fig. 7." "r"root; "/" base of " um; " " 6 " budlet ; " a » ridge of budlet, or 
rudiment of the upper membrane; " d" rudiment of lip or cover of bud cavity ; 
" Im " and " um " as before. The lettering and amplification of Figs. 10, 11, 
12 and 14, are the same (objective J, ocular 2, distance 10). 

Fig. 11. Section through " g-g, 12, of Eig 7." "»" the rudiment of lower membrane; 

Fig. 12. Section through "f-f, 2 of Fig 7." "r-r" "roots below the plane of the rest of the 
drawing. 

Fig. 13. Section through "b-b, 5 of Fig. 7." For " x y z" see text. 

Fig. 14. View of the base of the bud of Fig. 6 : " c " the growing point or budlet of the 
next generation; " h" corresponds with "lb" of Eig. 6; for " c" and " g" see 
text. 

Fig. 51. In text, surface view of portion of upper membrane of frond (objective J 
ocular 2, distance 10). 

Fig. 55. In text, surface view of the upper membrane of the bud (objective 5, ocular 
2, distance 10). 

Eig. 56. In text, epidermis of frond with larger cells of the cellular tissue seen under- 
neath, two of the latter containing crystals (objective J, ocular2, distance 10). 
All the drawings are camera lucida work except Fig. 1 and a portion of the cells 

filling up the sectional views. 
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